Final Results for the GRC Supporting Technology Development Project for the 1 10-Watt 

Stirling Radioisotope Generator (SRG1 10) 

Jeffrey G. Schreiber and Lanny G. Thieme 

Abstract. From 1999-2006, the NASA Glenn Research Center (GRC) supported the 
development of a high-efficiency, nominal 1 10-We Stirling Radioisotope Generator 
(SRG1 10) for potential use on NASA missions, including deep space missions, Mars 
rovers, and lunar applications. Lockheed Martin (LM) was the system integrator for the 
SRG1 10, under contract to the Department of Energy (DOE). Infinia Corporation 
(formerly Stirling Technology Company) developed the Stirling convertor, first as a 
contractor to DOE and then under subcontract to LM. The SRG1 10 development has 
been redirected, and recent program changes have been made to significantly increase the 
specific power of the generator. System development of an Advanced Stirling 
Radioisotope Generator (ASRG) has now begun, using a lightweight, advanced convertor 
from Sunpower, Inc. This paper summarizes the results of the supporting technology 
effort that GRC completed for the SRG1 10. GRC tasks included convertor extended- 
duration testing in air and thermal vacuum environments, heater head life assessment, 
materials studies, permanent magnet aging characterization, linear alternator evaluations, 
structural dynamics testing, electromagnetic interference (EMI) and electromagnetic 
compatibility (EMC) characterization, organic materials evaluations, reliability studies, 
and development of an end-to-end system dynamic model. Related efforts are now 
continuing in many of these areas to support ASRG development. 



National Aeronautics and Space Administration 



D) O 
c <D 

t: ■£ <fi 

o !- w 

Q. O k 


E 

D 

i— 

o 


C O 0 

O 'o 
X- CL 

CD ^ 


CL 

"0 


o 2 
0 


0 


0 


0 

CD 

0 

CL 

O 

o 

0 

■ 

o 


o o 

0 O 

3 0 

(/) Q ry 

O) 

o 


0 


O) 


C O ■ _ 

§ w 

O s 

CD 0 


0 

c 

o 

0 

c 

0 

J= 

0 {2 ^ 
£ O 2 

"oo "co 92 

-n ^ 3 

X3 — rj- 

0 ) a = 
c Q- § 
a < a- 


0 


0 


CD _Q 


Q- O < 

O 

C 

_C 

o 

0 

h- 

0 

o 

0 

CL 

c n 

o 

o 

CNI 


o 

o 

CNI 

00 


0 

3 

_Q 

0 


_Q 


> 

o 

CD 

03 
c n 
03 
c 

£ 

£ 


Jeffrey G. Schreiber and Lanny G. Thieme 
NASA Glenn Research Center 
Cleveland, OH 


National Aeronautics and Space Administration 


* 




(D 

E 



o 


0 

> 

0 

Q 



0 

o 


o 

CO 

0 

£ 

O CO 
Q_ C 
>>.2 
O 0 
c .CO 

© E 

o 

E 8 
<P c 

_f= 0 


0) W 

§ o 

g 8 

E E 


o 
o 
co 
o. 

if) 

Q. 
0 
CD 0 
C "D 
O s_ 


c 

o 

"-i— » 

0 

i_ 

0 

"D 


if) 

i_ 

0 

> 

O 


CD O 

Z 0 

0 8 
58 co 

JS Q_ 

u 0 

5 < 

6 w 

o S 


b CO 


E 

c 


0 

£ 

o 

Q. 

O 


0 g 


CO 

'~o 


b 0 
_ o c 

0 _0 
^ 0 !_ 

~o ib 
0 ro 

c 


o .2? 


0 

Q. 

0 

I 


c 

0 

0 

CL 

1 


c 00 

o 

■9 CD 


to 

i_ 

0 


0 

£ 

o 

Q_ 

■o 

0 

< 4 —> 

0 

XJ 


c 05 

■= O) 

_ O) 05 

o c T_ 

E Z c 
0 0 
^ 0 C 


Q 

>* LU 


O 

o 


CD s~\ 

°Q 

o 

8 5 

C— SO 


S 03 


O _b 
0 
> 
0 
"O 


0 


0 

> 

C 

o 


0 

E 

0 

0 

0 

0 

0 

< 

0 

0 

0 


C 

o 
o 
■O 

8© © 
o? a: 


T5 

0 

0 


> 

CD 

O 

O 

c 

o 

0 


.E O |- _i 


c 

o 

O 


0 

0 ~ 


0 CNJ 
s- O 
CD O 
0 CM 

C >> 
— 0 

E ^ 

B C 
0 — 
> O 
CO ^ 

^ 5 

T3 5 

0 ±3 

!i5 

0 b 
0 O 

0 O 
0 0 


LO 

o 

O 

CM 

CD 


0 i- 

"o £ 

8 .9- 
£ 0 


C 

o 

o 


0 

E 

Q_ 

O 

0 

> 

0 

"0 


0 

c 

tr 

0 

Q_ 


CD 

C 

I*: 


LL CD 


LU 

O 

Q 


T5 CD 

0 c 
■0 z 

1 1 

8 

y 0 

Q_ o 


2 CD 


< ° 


- In-house supporting technology development project 



National Aeronautics and Space Administration 



O) 

o 

o 


o 

CD 


O) 


o 

CL 

Q_ 

D 

CO 

o 

O' 

CD 


c 

o 

"-4—* 

03 

O 


CD 

> 

CD 

O 

C 

03 

E 


£ 

CD -q 
Q_ o 
s_ "D 


O 

tT 

0 

> 

C 

o 

O 


c 

o 

2 « 

§• s 


c 

0 
■*— » 

X 


_0 

03 

0 
-I— * 

0 

E 

"O 

c 

0 

c 

0 

E 

0 

0 0 
0 0 
0 


E 

o 

0 

> 


0 _ 


c 

o 


0 

0 

.0 


"O 
0 0 

E & 

s— 

0 . 


LU O h 
I I I 


j- 0 

0 0 
• 

0 "O 

® 3 

X 0 


0 

0 

c: 


0 

S 05 

o c 

03 0 
N 0 
'sZ 

0 "D 

*5 c 

0 TO 

0 .2 

_SZ 0 

o _>> 
CD 0 

I," 

® O 

0 0 

c c 

^ TO 


0 
N 

's_ 
0 

O 
0 0 


O 

'E 

0 

C 

>> 

T3 

0 


O 


0 

s_ 

o 


0 

O 

"O 

c 

0 

c 

o 

o 

"O 

0 

o 


> ty 

§ I 

O LU 


0 

O 

'c 

0 

CD 


0 

> 

C 

o 

o 


c 

o 

0 


c 

o 

0 


0 

> 

0 


_Q 

0 


> $ 
LU Q i 


Electrical interface 

Thermodynamic and system dynamic analyses 




National Aeronautics and Space Administration 



CO 

O) 


</) 

CD 


0 

> 

c 

o 

o 

O) 


(/) 


~o 

0 

co 

o 

? “ 
=» 15 

73 .2 

5 0 

CO p 

CO 

5 -*= 

CO o 

b ^ 

9 5 


c 

o 


co 


0 


c 

o 

» 

0 

s_ 

0 

Q_ 

O 

c £ 


c 

0 


E 

0 

-I— > 

>% 
0 

< 

0O 

0 © 

73 c 
0 0 
73 

1 i 
■S 1 


o 


0 


■O 

c 


o 

o 


> 

Q. 


TJ 

c 

0 


o 

o 


0 73 
D) 0 


o 

o O 


© c 
> o 
0 ° 
° 73 r 


0 ~ 


V/</ ^ 
o | 

4= > C 

0 >. O 

Q 4-> 

= 0 

J3 

0 _ 

CL O 

0 |S^ 

O ^ 

4-. M" 

0 CM 

0 . 


I I 


O 

0 

c 

o 

0 

s 

> 


0 

IS 

CL 
- 0 
0 

0 
i_ 

!3 

-i— > 

0 

0 ~o 

M— 

CD ^ 

-i— » O) 

c 

o 


o 

CL 

E 

o 

o 


0 

Cl 


o 

0 
-I—* 

c 

0 

E o 

2 .«2 
^ 0 
0 > 

m ^ 

© C 
^ < 


Q. 

< 

C 


73 

0 

H— » 

0 


0 


o 

D) 

C 


o 

.o 


oo 

o 

0 

c 

3 


C 

co 5 . 

r< D) 
° 0 
= -Q 


I I 


c 

o 


-2 co 


0 

&1 

4— 0 

° b 

3 > 

2 a) 

- s — r~ 

o 

5 V.U 

CO 0 


'0 

0 


=5 

0 ° 

0 Q 
CL 0 
O _C 
"O ^ 

© 0 ^ 
g- -D ° 

° C 0 

0 5= 

-i— > Lj 

x o 

LU JZ 


CM o 

s- 0 

0 73 
w 


0 

CO 

o 


0 

0 


0 

O 

c 

0 

E 


73 
c 
0 

c 
o 

O) 
&_ 

0 
4— 

o 

_0 
0 
> 
0 

CD 

c 

'0 
0 
0 

b 

_C 
— _T "D 

TI 

0 - £ - 

CL 73 

§ <§ 
LO CD 


0 

i_ 

Z 

o 


o 

o 

o 


0 
_Q 
O 

4— > 

0 

> 0 
DQ CL 

1 


o 

{ 


73 

C 

0 

C 

0 

— 

0 2 
0 -b 

0 £ 

O "D 
0 0 
> 

0 C 


c 

o 


0 


0 


c 
L*: 

o g 


S ^ CD 
0 0 2 
O 

_i I— c 


O 0 

c £i 

0 g 
0 > 


0 


0 


0 O D) 
C C 
0 


E ~ 


0 


o 


4“* 0 

■O o 

I s 

o o 
© t 

Q. 0 
< CO CL 


0 

E 

0 

o 

c 

o 

CD 


www.nasa.gov 




National Aeronautics and Space Administration 


* 


o 

0 


o 

a - 

0 

o 

E 

0 

0 

o 

c 

o 

CD 


CO 

0 

0 

O) 

0 ) 

c 

_c 

0 

4 — 


■0 

(/) 

0 

0 

- 4 — ' 

O 


_q 


0 

O 

*i— > 


0 

0 

> 

0 

> 

■0 

c 

0 

0 

■0 

■0 

0 

0 

0 

t 

O) 

0 

c 

£ 

■ 

0 


0) 

r— 

■ 

w» 

'C 

0 

0 


0 ) 

1 


0 


CL 


C 


O 


0 ) 


< 


• 


0 

0 

> 

0 

0 

o 

c 

0 

E 

‘t 

0 

Q. 

"0 

C 

0 

C 

o 

0 


o 

c 

o 

o 

c 

0 

CD 

O 


0 

0 


O 



0 

0 

CD 

0 

< 


O 0) 
■D O 

0 J= 
CD 

C "0 
0 0 
-C ZS 

O c 

0 
0 


0 

0 

a> 


c 

o 

o 

c 

o 


0 0 

E 5 0 

a. O 



q S2 


E 

q h 


(obm) indjno J0MOd 


CD 

O 

0 

0 

C 

0 


CD 

C 

ig 

0 


0 

0 

0 

g 

-1—' 

0 

E 

0 


o 

■0 

-1— > 

0 

0 


c 
0 

"0 
0 
0 
C 0 

8 00 
c? 

■S a> 

0 ^ 


0 


0 


0 


Q. 

O 0 


10 


> 

o 

CD 

03 
c n 
03 
c 

£ 

£ 


- Fill tube was not sealed to allow analysis of working fluid composition 

Visual inspection of internal components showed no signs of wear or 
degradation 
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- Experience from long life Stirling cryocoolers is directly applicable 

Over 104,000 hours of operation at GRC, over 10,000 in thermal 
vacuum 
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